Abstract-In this research proposal, the Radiated Emissions from GPS based Vehicle Tracking System board (GPRS
I. INTRODUCTION
Radiation from mobile phones and other electronic equipments may cause brain tumors, cancer, anxiety and memory loss. A wide variety of electrical devices contribute to electromagnetic radiation ranging from computers, to phones, TV sets, radar transmitter, mobile towers, transformers, etc. However, mobile phone radiation is certainly intense, as evidenced by the effects on aircraft navigation systems. [1] Also radiation can affect the operation of Electronic and Communication Systems badly. In view of this, it is required to design enclosures for electronic circuits, which emit less radiation to avoid harmful effects on human being and other electronic equipments. 
II. ORIGIN OF THE RESEARCH PROBLEM
Electromagnetic changes in the environment can adversely affect the energy balance of the human organism and it also contribute to disease. We are surrounded by stress-producing electromagnetic fields generated by the electrical wiring in the home and offices. Televisions, computers and video terminals, microwave ovens, overhead lights, power lines and the hundreds of motors can generate higher than normal gauss field strengths. The results in a particular study suggest that, 916MHz electromagnetic waves can promote malignant transformation of NIH/3T3 cells (established from the primary mouse embryonic fibroblast cells), induce cellular canceration. [2] EMFs interact with living systems, affecting enzymes related to growth regulation, pineal gland metabolism (regulation of the sleep hormone, melatonin), cell division and multiplication. The persons who had been exposed to high-voltage lines in their early childhood had a two to three times higher risk of developing cancer, especially leukemia as compared to normal unexposed persons. EMFs from the high-voltage power lines also affect the neuro hormones of the brain. Since then, various studies have linked electromagnetic fields to increased incidence of heart disease, Alzheimer's disease, high blood pressure, headaches, sexual dysfunction, and blood disorders including a 50% increase in white blood count. [3] The Exposure limits of radiation for mankind in terms of Power density is 10 mW/cm 2 
B. Use of Spike/Surge Protectors
Use of transient absorbers/ MOV/ gas filled surge arrestors across Mains/DC/Signal lines is recommended to take care of electrostatic discharge and spikes on supply lines. This will protect the processor circuit from transients/ surges.
C. Use of Filtering Techniques
Use of Filtering techniques in power supply lines and signal input/output is recommended. Also filtering should be used in the circuits having interference sources. [5] Use of suitable RFI filters with X and Y Capacitors and proper grounding schemes can result into reduction of conducted emission level.
D. Shielding Techniques
EMI shielding can be done effectively by using specially designed metallic Enclosures made up of Copper, Aluminum, Aluminum alloy and Magnetic materials . The Enclosures can be sealed properly by using Copper Foil and suitable Conductive rubbers /gaskets. [5] , [6] 
E. Selection of Shielded Cables
Twisted / shielded Teflon cable should be used for minimizing electro-magnetic interference. Terminate shield to proper type of connectors. Shield is to be grounded at one end to avoid circulating current loops. Run cables away from apertures of shielding close to conductive grounding structures. Avoid resonant length of cables and consider damping cables with ferrite suppressors. Bunching of cables carrying identical electrical signals should be avoided to minimize cross-talk. Avoid pigtails while grounding the shield. Use Copper breaded conduits for cables to increase the shielding effectiveness especially in stringent conditions of radiation fields. The standard practices for routing of cables should be followed. [7] F. Multilayer PCB Design From EMI point of view, multi-layered PCB is recommended. [5] Multilayer boards are formed by etching few double sided boards and gluing them together. PCB design should follow standard practices like 20-H rule for minimizing the EMI problems. [8] The recommended materials for PCB are fiber glass resin (FR-4), woven glass/ ceramic loaded, PTFE/Ceramic (Teflon) and GTEK. [8] G. Grounding Considerations The common ground impedance can be reduced by better grounding techniques. Single point grounding arrangement is recommended for low frequencies and multi-point grounding for high frequencies. The ground of Analog, Digital and RF circuits to be terminated to power supply ground separately. Floating ground arrangement is recommended to isolate circuits producing interference. Opto-isolator and isolation transformer can be used for this purpose. [5] , [7] The methods discussed above can be useful in reducing Radiated Emission from Electronics equipments/systems. [9] IV. METHODOLOGIES IMPLEMENTED TO MINIMIZE RADIATED EMISSION FROM GPS VTS BOARD GPS VTS board (GPRS Based) is taken as a Model 1 for the research work. GPS VTS Board uses SIMCOM, SIM 508 based GPS/GPRS module for localization and positioning of vehicles on Local/ goggle Maps. [10] The GPS Vehicle Tracking (VTS) board consists of GPS, GPRS Modem, Switching Mode Power supply (SMPS), and Microcontroller which contribute in producing the radiations.
The rugedised enclosure designed for this board has been sealed with the help of silver filled conductive gaskets [11] and Copper foil with adhesives. The material used for enclosure is Aluminum (Alloy 6082) HE-30 (conductivity of 26.315x10 6 Siemens/m, lesser than pure Aluminum and Copper). [12] This material is selected because, it gives better mechanical strength and corrosion resistance to enclosure. The designed enclosure is having 3mm thickness and it is chrome plated (120micron) for resistance to corrosion. The ruggedised enclosure and system is intended to work in mobile ground vehicle in stringent environmental, dynamic, and strategic conditions. The different EMI/EMC, environmental and dynamic test shall be conducted on the system. HE-30 Enclosures were also designed for Model 2 with GPS VTS Transmitter / Receiver Boards and Radiated Emission test results conducted at national EMI test laboratory had been published in papers at reference [9, 13] Similarly Aluminum (Alloy 6063) HE-09 Enclosure was designed for GPS VTS Model 1 and 2. The results for Radiated Emission measured with EMI Probes on Spectrum Analyser had been published in the paper at reference [14] . 
V. TEST SET UP FOR MEASUREMENT OF RADIATED EMISSION
The EMI Probes 11940A and 11941A are handheld electromagnetic close field probes used with Agilent make Spectrum Analyzer E4411-B for observing the Radiated Emission obtained from device under test. [9, 15] The EMI probe has magnetic field sensor which gives output voltage proportional to the magnetic field. The probe gives spectrum of Radiated Emission giving amplitude and frequency with the help of Spectrum Analyzer. The initial readings are taken in V and dBm. P m dBm=10log 10 (P m. /1mWatt)
(1)
V SA dBV=20 log 10 (V m V/1V)
Equation (4) 
K= loss or gain in dB between EMI Probes 11940A/ 11941A and Spectrum analyzer (Positive value if loss, negative value if gain). Generally K is taken as zero. [9] , [15] VI. RADIATED EMISSION LIMITS AS PER CISPR AND MIL-STD-461E EMI/EMC STANDARD Table I , II and Fig. 2 give Radiated Emission limits as per EMI/EMC Standards CISPR and MIL-461E. VII. OBSERVATIONS AND RESULTS FOR RADIATED EMISSION Fig. 3 and Fig. 4 indicate the observed spectrums for radiated emission from GPS VTS Board (GPRS Based) with and without HE-30 Enclosure. The radiation levels are measured using Agilent make Spectrum Analyzer E4411-B and close field EMI Probes 11940A / 11941A and corresponding E-Field Strength (dBµV/m), H-Field Strength (dBµA/m) and S-Power Density (dBmW/cm 2 ) are calculated and shown in Table III . Fig. 5 to Fig. 9 shows the observations for Radiated Emission Test on GPS VTS board (GPRS Based) with HE-30 enclosure, conducted at national EMI test laboratory, Automotive Research Association of India (ARAI), Pune, India. Test has been conducted as per MIL-STD-461E EMI standard. The distance betwwen GPS VTS Board and Antena in EMI chamber was kept as 1 Meter. The observations have been taken in both horizontal and vertical directions. These radiation levels have been compared with present standards like CISPR [7] and MIL-STD-461E. [16] From the Fig. 5 to Fig. 9 , it can be verified that the Radiated Emission level for frequency band 30 MHz to 2.5 GHZ in Horizontal and vertical directions found to be well within the limits as compared to MIL-461E. The Radiated Emission levels for frequency band 150 KHz to 30 MHz found to be just at boarder level of EMI/EMC Standard MIL-461E. This level could be reduced further by using sheet of low frequency magnetic shielding material like MuFerro 6800 in the enclosure. [17] VIII. CONCLUSION
The remedial measures to minimize EMI / Radiated Emission problems have been discussed. The remedies suggested here are useful for reducing the radiation levels to safer limits. From the observations it is seen that GPS board (GPRS Based) gives the radiated emission which is greater than Power Density of 10dBmW/cm 2 (E-Field strength as 160dBuV/m). The radiation level from GPS VTS board found to be reduced by around 20 dB approximately when enclosed in HE-30 Aluminum enclosure. Also the Radiated Emission measured in test laboratory, for frequency band 30 MHz to 2.5 GHz have been restricted to around 25 dBuV/m in both horizontal and vertical directions. The Radiated Emission levels for frequency band 150 KHz to 30 MHz has been found to be just at boarder level of EMI/EMC Standard MIL-461E. It could be restricted within the limits of MIL-461E by using Magnetic material like MuFerro 6800 sheet in enclosure. From the results, it is concluded that designed GPS VTS Model (GPRS Based) with enclosure is compatible with MIL-STD-461E, CISPR radiated emission standards and radiation levels are restricted to safer limits for human being.
